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RETINAMIDE AND USES THEREOF

CROSS REFERENCE TO RELATED
APPLICATIONS

This Application claims benefit to U.S. Provisional Appli-
cation 61/071,647, filed May 9, 2008, which is herein incor-
porated by reference in its entirety.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

This invention was made with government support under
Grant Number CA117991 awarded by the National Institutes
of Health and Grant Number W81XWH-04-1-0101 awarded
by the Department of Defense. The U.S. government has
certain rights in this invention.

BACKGROUND OF THE INVENTION

Cancer

Despite many years of research, there exists a compelling
need to develop new and more effective therapeutic strategies
for cancer. The use of many agents used in cancer treatment is
limited because of their cytotoxic effects on normal tissues
and cells. This is a particular concern for agents that kill cells
by damaging DNA and/or inhibiting DNA replication.
Retinoids

Retinoids are a group of natural and synthetic analogues of
vitamin A. All-trans-retinoic acid (ATRA), the biologically
most active metabolite of vitamin A plays a major role in
regulating cellular growth and differentiation.” Since retin-
oids are capable of inhibiting growth, inducing terminal dif-
ferentiation and apoptosis in cultured cancer cell lines, there
is a wide interest in their use in cancer therapy.” The biologi-
cal effects of retinoids result from modulation of gene expres-
sion, mediated through two complex types of nuclear recep-
tors, retinoic acid receptors, and retinoid X receptors (RARs
and RXRs).””" Each type includes 3 distinct subtypes (a., B,
and y) encoded by distinct genes. Each RAR and RXR sub-
type is expressed in specific patterns in different tissues and is
thought to have a specific profile of gene-regulating activity.
The nuclear receptors function as dimers. RARs form het-
erodimers with RXRs. RXRs are more versatile, binding to
RARs and other nuclear receptors, including thyroid hor-
mone receptors and vitamin D receptors. Therefore, ATRA
and other retinoids, through a variety of mechanisms, can
modulate the expression of an extraordinarily large number of
genes.”

One of the most impressive effects of retinoids is on acute
promyelocytic leukemia (APL). Treatment of APL patients
with high doses of ATRA results in most of the cases in
complete remission (Castaigne et al., 1990). Other research
has been conducted on retinoid-based therapies for other
cancers.”

Exogenous application of retinoids such as ATRA inhibits
the growth and induces apoptosis in prostate cancer cell lines.
Pasquali et al showed that the concentration of ATRA was 5-8
times lower in prostate carcinoma tissue compared with nor-
mal prostate and benign prostate hyperplasia.” In vivo studies
showed that ATRA inhibited induction and caused the disap-
pearance of prostate tumors in animals.”” In spite of these
encouraging results, the effects of ATRA therapy on human
prostate cancer in the clinic have been disappointing.

One of the causes of the scarce therapeutic effects seems to
be the rapid in vivo metabolism of ATRA into inactive
metabolites.”” The inhibition of cytochrome P450 mediated

10

15

20

25

30

35

40

45

50

55

60

65

2

ATRA metabolism by retinoic acid metabolism blocking
agents (RAMBAs) is a promising approach in order to
increase the levels of ATRA.™ Liarozole, the first RAMBA to
undergo clinical investigations, was shown to increase ATRA
levels in the tumor, resulting in anti-tumor activity.”
Although, clinical development of this compound for prostate
cancer therapy was discontinued for undisclosed reasons, it
was recently approved in Europe and USA as an orphan drug
for the treatment of congenital ichthyosis.”

PCA tumors that arise after anti-hormonal therapy gener-
ally are less differentiated. Differentiation therapy remains a
promising therapeutic approach in the treatment and chemo-
prevention of a variety of cancers, including PCA. Among the
differentiation agents, retinoids, rexinoids, retinoid-related
molecules (RRIVIs) and histone deacetylase inhibitors
(HDACIs) have shown promising biological activities as
single agents in several preclinical studies of both hemato-
logical and solid malignancies.™

A goal of differentiation therapy is to induce malignant
cells to pass the block to maturation by allowing them to
progress to more differentiated cell types with less prolifera-
tive ability. Others have led the way in the discovery of agents
that inhibit the enzyme histone deacetylase, thereby altering
chromatin structure and changing gene expression pattern-
s RAs exert their effects via a nuclear receptor complex
that interacts with promoters of RA-responsive genes.™

Applicants have reported on a family of compounds that
inhibit the P450 enzyme(s) responsible for the metabolism of
all-trans retinoic acid (ATRA).*™ These compounds, also
referred to as retinoic acid metabolism blocking agents
(RAMBAS), are able to enhance the antiproliferative effects
of ATRA in breast and prostate cancer cells in vitro.™ In
addition, the RAMBASs were shown to induce differentiation
and apoptosis in these cancer cell lines. Applicants’ observed
that the breast cancer cell lines were exquisitely more sensi-
tive to the RAMBAs ™"

By introduction of nucleophilic ligand at C-4 of ATRA or
13-CRA, and modification of the terminal carboxylic acid
group, Applicants invented a series of potent RAMBASs some
of which are by far the most potent retinoic acid metabolism
inhibitors known. ™ ** See U.S. Pat. No. 7,265,143, which s
hereby incorporated by reference in its entirety.

Applicants also demonstrated that these RAMBAS inhib-
ited the growth of several breast and prostate cancer cell lines
and could exquisitely enhance the ATRA-mediated antipro-
liferative activity in vitro and in vivo.™ ™ ** It was shown
that VN/14-1 binds and activates the RARa,p,y receptors,
albeit it is significantly less potent than ATRA. Furthermore,
none of the RAMBAs showed significant binding to either
cellular retinoic binding proteins (CRABP I or I11).~*** It has
also been demonstrated that some RAMBAs inhibited the
growth of established breast and prostate tumor xenografts
and that their mechanisms of action may in part be due to
induction of differentiation, apoptosis and cell cycle
aITeSt.xxw XV XXVE XxviT

Some of Applicants’ proprietary RAMBAs appear to be the
most potent ATRA metabolism inhibitors known.™"" Fur-
thermore, some of these proprietary RAMBAS also exhibit
retinoidal and cell antiproliferative activities in a number of
human cancer cell lines. These multiple biological activities
have prompted Applicants to classify them as “atypical
RAMBAs”.

The anti-neoplastic activities of RAMBAs may be cell type
dependent. Applicants have shown that some RAMBAS (e.g.,
VN/14-1) are more effective in breast cancer cell lines while
others (e.g., VIN/66-1) are more effective in prostate cancer
cell lines, ™ 7o oo oot
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The apparent lack of sensitivity of the breast cancer cells
(MDA-MB-231) and two prostate cancer cell lines (LNCaP
and PC-3) to ATRA and some of Applicants’ proprietary
RAMBASs may be due to the differential expressions of vari-
ous genes that are essential for retinoid activity.

There continues to be an urgent need to develop new thera-
peutic agents with defined targets to prevent and treat cancer,
including prostate and breast cancer.

BRIEF SUMMARY OF THE INVENTION

Applicants’ invention includes new RAMBAs that are
potentially more potent than known RAMBAs.

One embodiment of Applicants’ invention are novel RAM-
BAs without the phenolic hydroxyl group as shown in some
of the RAMBAS of U.S. Pat. No. 7,265,143. Acylation pre-
sents a likely avenue for metabolic instability. 4-methoxyphe-
nylretinamide has previously been identified as a major inac-
tive metabolite of the closely related 4-hydroxyphenyl
retinamide (4-HPR) in several animal and human studies. ™"

One embodiment of Applicants’ invention includes replac-
ing the phenol moiety with a more metabolically stable func-
tionality, with a goal of modulating the physical properties of
these analogs without affecting the enzyme and antiprolifera-
tive potencies already achieved by the RAMBAs of U.S. Pat.
No. 7,265,143, for example, VN/66-1.

Applicants’ invention also includes enantiomers of the new
RAMBAS of the present application (structural formulae 2A,
3A, 3B, 4B, 4C and 5) and their use and enantiomers of
certain RAMBASs of U.S. Pat. No. 7,265,143 and their use.
Anilineamide RAMBAs

The phenolic hydroxyl moiety may replaced with its clas-
sical isosteres, for example, halogens such as F and Cl, or
non-classical bioisosteres, for example, —CF;, —CN, and
—SH.™®Y

General Formulae 2A represents new anilineamide RAM-
BAs of the present invention.

24
0 x
| ¢ —®m
A Ve YN N F
H
Rl

where R! is an azole group, a sulfur containing group, an
oxygen containing group, a nitrogen containing group, a
pyridyl group, an ethinyl group, a cyclopropyl-amine group,
an ester group, a cyano group, a heteroaryl ring or an 1H-mi-
dazole group, or R* forms, together with the C-4 carbon atom,
an oxime, an oxirane or aziridine group;

each R® is independent and is selected from a halogen
group, a cyano group, a thiol group, or an alkyl group substi-
tuted with at least one of a halogen group, a cyano group, and
a thiol group; and

nisfrom0to 5.

Non-limiting examples of such sulfur containing groups
include thiirane, thiol and alkylthiol derivatives. Examples of
such alkylthiol derivatives include C, to C,, alkyl thiols.

Non-limiting examples of oxygen containing groups
include —OR,, where R, is hydrogen or an alkyl group (pref-
erably a 1-10 carbon alkyl, more preferably methyl or ethyl),
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cyclopropylether or an oxygen containing group that forms,
together with the 4-position carbon, an oxirane group.

Non-limiting examples of nitrogen containing groups
include the formula —NRR, where R, and R are indepen-
dently selected from the group consisting of hydrogen and
alkyl groups (preferably a 1-10 carbon alkyl, more preferably
methyl or ethyl), or R; and R, may together form a ring.
Preferably the ring formed by Rs and Ry is a imidazolyl ring
or a triazole ring.

Azole substituent groups may be imidazoles and triazoles,
including attachment through a nitrogen ring atom. The azole
substituent groups may be 1H-imidazole-1-yl, 1H-1,2,4-tria-
zol-1-yl and 4H-1,2.4-triazol-1-yl.

R! may be cyano, amino, azido, cyclopropylamino, or R*
may be a nitrogen containing group that forms, together with
the 4-position carbon, an aziridine group or an oxime group.

R! may also be a pyridyl group or an allylic azole group,
preferably methyleneazolyl.

The definitions for R' of an ester includes substituent
groups that contain an ester moiety, including substituent
groups attached via an ester moiety.

Non-limiting examples of the alkyl group include linear
and branched alkyl groups, including primary, secondary and
tertiary alkyl groups, and substituted and unsubstituted alkyl
groups.

The R? substituent groups may be F, —CN, —SH and
—CF;.

An example of General Formula 2A is General Formula
2A

247
0 \
| ¢ ——®n
| A e YV a N X F
N
B
&

where R? and n are as defined for General Formula 2A.

Exemplary compounds of Formula 2A are Compounds
VNLG/146, VNLG/153, and Compounds 4-33.

VNLG/146
CF;
o}
A e YN N
H
| CF;
N
O
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Sulfamoylated and Carbamate RAMBAs
Applicants’ invention also includes blocking metabolic
conjugation of the phenolic —OH group of the RAMBAS of
U.S. Patent by conversion to a corresponding sulfamate and
carbamate. This strategy has been successfully used to
improve the antiproliferative activity and metabolic stability
of 2-methoxyestradio ™" v xexvil xoxvill a5 wel] as several
dual aromatase-steroid sulfatase inhibitors, some of which
have been tested in phase I clinical trials > *

General Formulae 3A and 3B are new sulfamoylated and
carbamate RAMBAs of the present invention.

3A
0
@—OSOZN(RZ)Z
| A e N NH
Rl

Where R! has the same definitions as set forth for Formula
2A above; Each R? is independent and is a hydrogen or an
alkyl group. Non-limiting examples of the alkyl group
include linear and branched alkyl groups, including primary,
secondary and tertiary alkyl groups, and substituted and
unsubstituted alkyl groups.

3B
| N(RY),
Rl

Where R! and R? have the same definitions as set forth for
Formula 3A above.

Non-limiting examples of General Formulae 3A and 3B
include General Formulae 3A', 3B', 3A" and 3B" below.

3A
o 0SO,N(R?),
| N X NH/@
Rl
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-continued
3B’
O O
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A Ve N NH

N,
W
3B"
Oy
~ ~x ~ ~x NH \l/
| N(R32),

Where R! and R? have the same definitions as set forth for
Formula 3A above.

Non-limiting examples of General Formulae 3A and 3B
are Formula 34 and 35 below:

3
0SO,NH,
i 1
NN N

4

Q
NN ONH/©/\NI/HZ
Q

Heterocyclic Amide RAMBAs

Applicants’ invention also includes new heterocyclic
amine containing RAMBAs. General Formulae 4B and 4C
are new heterocyclic amine containing RAMBAs of the
present invention.
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4B
0

N XXX

NR®),

Rr!

Where R has the same definitions as set forth for Formula
2A above;

Each R® is independently selected from a hydrogen atom,
an alkyl group, and a ring containing a nitrogen atom.

Non-limiting examples of the ring containing a nitrogen
atom include monocyclic and multicyclic rings, which con-
sist of carbon atoms and one or more nitrogen atoms. The
rings may also include other heterocyclic atoms, such as O, S
and Si. The rings may be substituted or unsubstituted. Non-
limiting examples of the ring containing a nitrogen atom
include an amine group, an azine group, a triazine group, an
azirene group, an azete group, an diazetidine group, an azole
group, atriazole group, a tetrazole group, an imidazole group,
an azocane group, a pyridine group, piperidine group, benz-
imidazole group, and purine groups. The ring containing a
nitrogen atom may be substituted or unsubstituted and may be
fused with another ring. The ring containing a nitrogen atom
may be attached to the nitrogen atom via a carbon group or via
a nitrogen group of the ring.

Non-limiting examples of the ring containing a nitrogen
atom 2,3,4 triazoles, 1,3 imidazoles, 2,3,4,5 tetrazole.

Non-limiting examples of the alkyl group include linear
and branched alkyl groups, including primary, secondary and
tertiary alkyl groups, and substituted and unsubstituted alkyl
groups. A non-limiting example is a tertiary butyl group.

4c
0

Where R! has the same definitions as set forth for Formula
4A above; and

X forms, together with the nitrogen atom, a heterocyclic
ring. The heterocyclic ring may be substituted or unsubsti-
tuted and may be fused with another ring.

Non-limiting examples of the ring formed by X include
monocyclic and multicyclic rings, which consist of carbon
atoms and one or more nitrogen atoms. The rings may also
include other heterocyclic atoms, such as O, S and Si. The
rings may be substituted or unsubstituted. Non-limiting
examples of the ring formed by X atom include an amine
group, an azine group, a triazine group, an azirene group, an
azete group, an diazetidine group, an azole group, a triazole
group, a tetrazole group, an imidazole group, an azocane
group, a pyridine group, piperidine group, benzimidazole
group, and purine groups.

The fused ring may contain all ring carbon atoms or be
heterocyclic.

A non-limiting example of a fused heterocyclic rings is a
purine group.

Examples of General Formulae 4B and 4C are Formula 4 A,
4B' and 4C' below:
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4A
0

R’ has the same definitions as set forth for R® in Formula
5B above.

4B’

Where R® and n have the same definitions as set forth for
Formula 4B above.

4c’

Where X has the same definitions as set forth for Formula
4C above.

Exemplary compounds of Formula 4B and 4C are Com-
pounds 36-48 and VNLG/148 and VNLG/145 below:
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Synthetic purine derivatives possess great potential to
interfere with important cellular functions™ and a number of
major purine-based drugs exist which find current application
for the treatment of cancer™” * and a variety of other dis-
eases.™" A further interesting pharmacological property of
purine derivatives is that they can be transported across bio-
logical membranes by nucleobase active and passive trans-
port systems, which have been characterized in a variety of 4
mammalian cells. ™
Non-4-Position-Hydroxyl RAMBAs
Applicants’ invention also includes RAMBA compounds

where the hydroxyl group of ring C is not in the 4-position.
For Example, General Formula 5 and VNLG/147. 5

3

4

General Formula 5

[e) 5
) N P e
H
| oH
6
R!

Where R! has the same definitions as set forth for Formula
2A above. 6
A non-limiting example of General Formula 5 is VNLG/

147.

0

5

0

5

0

5

0

5

The present invention also includes enantiomers of the new
RAMBAS of the present application and their use and enan-
tiomers of certain RAMBASs of U.S. Pat. No. 7,265,143 and
their use.

VN/66-1 exists as a racemate of two enantiomers as a result
of chiral C-4 and studies have been conducted with racemic
(2)-VN/66-1. Racemic (+)-VN/12-1 (a potent RAMBA and
also the methyl ester of (£)-VN/14-1) is considerably (up to
28-fold) a more potent RAMBA than either of the pure (4S)-
(+)- or (4R)-(-)-VN/12-1 enantiomers.™" However, Appli-
cants consider that the enantiomers may exhibit differential
anti-neoplastic activities on PCa cell lines. It has been dem-
onstrated from previous studies that the anti-neoplastic activi-
ties of the atypical RAMBAs, including (£)-VN/66-1 are
independent of their RAMBA activity ™ */vi xtix 17 tit liii

Specifically contemplated are synthesis and use of (+)- or
(-)-and (£)-VN/66-1 and (+)- or (-)-analogs of the RAMBAs
of the present application.

One embodiment of the present invention involves the use
of Applicants’ new RAMBAs and enantiomers to treat cancer.

It is another object of the present invention to use Appli-
cants’ new RAMBASs and enantiomers to treat melanoma,
leukemia, including acute promyelocytic leukemia, lym-
phoma, osteogenic sarcoma, breast, prostate, ovarian, lung,
epithelial tumors, colon cancer, pancreatic cancer or other
types of cancers.

One embodiment of the present invention is the use of
Applicants’ RAMBAS and enantiomers to treat breast cancer.

One embodiment of the present invention is the use of
Applicants’ RAMBAs and enantiomers to treat prostate can-
cer.

The pharmaceutical composition may contain a pharma-
ceutically acceptable inactive ingredient. The pharmaceuti-
cally acceptable inactive ingredient may be at least one
selected from the group consisting of diluent, carrier, solvent,
disintregrant, lubricant, stabilizer, and coating.

The method of treatment may be oral administration and
the pharmaceutical composition may be formulated for oral
administration.

The method of treatment may be parentral administration
and the pharmaceutical composition may be formulated for
parentral administration, including subcutaneous, intramus-
cular, intracapsular, intraspinal, intrasternal, or intravenous.

The compound may be used in a pharmaceutical compo-
sition. The pharmaceutical composition may be formulated
for oral administration, parentral administration or for inject-
able administration.
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In making the compositions of the present invention, the
compounds of the present invention can be mixed with a
pharmaceutically acceptable carrier or an excipient, diluted
by an excipient or enclosed within such a carrier which can be
in the form of a capsule, sachet, paper or other container.
When the excipient serves as a diluent, it can be a solid,
semi-solid, or liquid material, which acts as a vehicle, carrier,
or medium for the compounds. Thus, the compositions can be
in the form of tablets, pills, powers, lozenges, sachets,
cachets, elixirs, suspensions, emulsions, solutions, syrups,
soft and hard gelatin capsules, and other orally ingestible
formulations.

The pharmaceutical compositions may be in the form of a
solution, suspension, tablet, capsule or the like, prepared
according to methods well known in the art. It is also con-
templated that administration of such compositions may be
by the oral, injectable and/or parenteral routes depending
upon the needs of the artisan. The compounds of the present
invention can be administered by nasal or oral inhalation, oral
ingestion, injection (intramuscular, intravenous, and intrap-
eritoneal), transdermally, or other forms of administration.

Some examples of suitable excipients include lactose, dex-
trose, sucrose, sorbitol, mannitol, starches, gum acacia, cal-
cium phosphate, alginates, tragacanth, gelatin, calcium sili-
cate, microcrystalline cellulose, polyvinylpyrrolidone,
cellulose, water, syrup, and methyl cellulose. The formula-
tions can additionally include lubricating agents such as talc,
magnesium stearate, and mineral oil; wetting agents; emulsi-
fying and suspending agents; preserving agents such as
methyl- and propyl-hydroxybenzoates, sweetening agents;
and flavoring agents. The compositions of the present inven-
tion can also be formulated so as to provide quick, sustained
or delayed release of the compounds of the present invention
after administration to the patient by employing procedures
known in the art.

The term “pharmaceutically acceptable carrier” refers to
those components in the particular dosage form employed
which are considered inert and are typically employed in the
pharmaceutical arts to formulate a dosage form containing a
particular active compound. This may include without limi-
tation solids, liquids and gases, used to formulate the particu-
lar pharmaceutical product. Examples of carriers include
diluents, flavoring agents, solubilizers, suspending agents,
binders or tablet disintegrating agents, encapsulating materi-
als, penetration enhancers, solvents, emollients, thickeners,
dispersants, sustained release forms, such as matrices, trans-
dermal delivery components, buffers, stabilizers, and the like.
Each of these terms is understood by those of ordinary skill.

Aerosol formulations for use in this invention typically
include propellants, such as a fluorinated alkane, surfactants
and co-solvents and may be filled into aluminum or other
conventional aerosol containers which are then closed by a
suitable metering valve and pressurized with propellant, pro-
ducing a metered dose inhaler. Aerosol preparations are typi-
cally suitable for nasal or oral inhalation, and may be in
powder or solution form, in combination with a compressed
gas, typically compressed air. Additionally, aerosols may be
useful topically.

The amount of the compounds used in the treatment meth-
ods is that amount which effectively achieves the desired
therapeutic result in animals. Naturally, the dosages of the
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various compounds of the present invention will vary some-
what depending upon the parent compound, rate of in vivo
hydrolysis, etc. Those skilled in the art can determine the
optimal dosing of the compounds of the present invention
selected based on clinical experience and the treatment indi-
cation. The amount of the compounds of'the present invention
may be 0.1 to 100 mg/kg of body weight, more preferably, 5
to 40 mg/kg.

Suitable solid carriers are known, e.g., magnesium carbon-
ate, magnesium stearate, talc, lactose and the like. These
carriers are typically used in oral tablets and capsules.

Suitable carriers for oral liquids include, e.g., water, etha-
nol, propylene glycol and others.

Topical preparations useful herein include creams, oint-
ments, solutions, suspensions and the like. These may be
formulated to enable one to apply the appropriate dosage
topically to the affected area once daily, up to 3-4 times daily
as appropriate. Topical sprays may be included herein as well.

Depending upon the particular compositions selected,
transdermal delivery may be an option, providing a relatively
steady state delivery of the medication which is preferred in
some circumstances. Transdermal delivery typically involves
the use of a compound in solution, with an alcoholic vehicle,
optionally a penetration enhancer, such as a surfactant and
other optional ingredients. Matrix and reservoir type trans-
dermal delivery systems are examples of suitable transdermal
systems. Transdermal delivery differs from conventional
topical treatment in that the dosage form delivers a systemic
dose of medication to the patient.

The delivery may be enhanced by promoting a more phar-
macologically effective amount of the compound reaching a
site of action, preferably a cancerous tumor site. The delivery
may also be enhanced by promoting a more effective delivery
of the compound across a cell membrane or within the cell
and across the intra-cellular space.

The RAMBAS can be converted into a pharmaceutically
acceptable salt or pharmaceutically acceptable solvate or
other physical forms (e.g., polymorphs by way of example
only and not limitation) via known in the art methods. The
RAMBA compounds of the present invention can also be
administered as a prodrug or as a separate compound.

The method of treatment may be injectable administration
and the pharmaceutical composition may be formulated for
injectable administration.

As used herein, “treat” and all its forms and tenses (includ-
ing, for example, treat, treating, treated, and treatment) refer
to both therapeutic treatment and prophylactic or preventative
treatment. Those in need of treatment include those already
with a pathological condition of the invention (including, for
example, cancer) as well as those in which a pathological
condition of the invention is to be prevented. For example,
“treat” means alter, apply, effect, improve, care for or deal
with medically or surgically, ameliorate, cure, stop and/or
prevent an undesired biological (pathogenic) process. The
skilled artisan is aware that a treatment may or may not cure.

As used herein, the effective amount or “therapeutically
effective amounts” of the compound of the present invention
to be used are those amounts effective to produce beneficial
results in the recipient animal or patient. Such amounts may
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be initially determined by knowledge in the art, by conduct-
ing in vitro tests or by conducting metabolic studies in healthy
experimental animals.

A therapeutically effective amount of a compound of the
present invention as a treatment varies depending upon the
host treated and the particular mode of administration.

In addition to a single therapy, which is the case with the
administration of, for example, a single compound of the
invention, cancer treatments are commonly combined with
other methods of treating cancer. Combination therapy
includes combining the method of treating cancer as
described in the invention and one or more cancer therapeutic
methods. Cancer therapeutic methods include surgical
therapy, radiation therapy, administering an anticancer agent
(including, for example, antineoplastics (including, for
example, novantrone, bicalutamide, esterified estrogens, gos-
erelin, histrelin, leuprolide, nilandron, triptorelin pamoate,
docetaxel, taxotere, carboplatin, and cisplatin) or combina-
tions thereof, and angiogenesis inhibitors), immunotherapy,
antineoplastons, investigational drugs, vaccines, less conven-
tional therapies (sometimes referred to as novel or innovative
therapies, which include, for example, chemoembolization,
hormone therapy, local hyperthermia, photodynamic therapy,
radiofrequency ablation, stem cell transplantation, and gene
therapy), prophylactic therapy (including, for example, pro-
phylactic mastectomy or prostatectomy), and alternative and
complementary therapies (including, for example, dietary
supplements, megadose vitamins, herbal preparations, spe-
cial teas, physical therapy, acupuncture, massage therapy,
magnet therapy, spiritual healing, meditation, pain manage-
ment therapy, and naturopathic therapy (including, for
example, botanical medicine, homeopathy, Chinese medi-
cine, and hydrotherapy)).

The method of treatment and the pharmaceutical compo-
sition may further comprise an all-trans retinoic acid (ATRA)
and/or another RAMBA, including the use of multiple RAM-
BAs of the present invention.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

FIG. 1 shows the antiproliferative effects of VNLG/145
PC-3 cell proliferation measured after 6 days of treatment
using a MTT assay. Data are means (SEM<£5%) of at least
three independent experiments.

DETAILED DESCRIPTION OF THE INVENTION

Synthesis
Anilineamide RAMBAs

Scheme 1 and Scheme 2 below are examples of the syn-
theses of the Anilineamide RAMBAs. The examples involves
the coupling of the imidazolyl carboxylic acid (VN/14-1)
with various anilines using 1,3-dicyclohexylcarbodiimide
(DCC) and 1-hydroxybenzotriazole (HOBT) in dimethylfor-
mamide (DMF) to yield the corresponding amides. This syn-
thesis has been used for synthesis of VNLG/145, VNLG/146,
VNLG/147, VNLG/148, VNLG/152, and VNLG/153 and
VN/66-1.
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Scheme 1
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Sulfamoylated and Carbamate RAMBAs

Scheme 3 below shows an example of the synthesis of
Compounds 34 and 35. VN/66-1 may be sulfamoylated under
standard conditions™ **, with sulfomoy] chloride in dimethyl
acetamide to give Compound 34. The carbamate (35) may be
synthesized in two steps from VN/66-1, first reacted with
trichloroacetyl isocyanate to give the N-trichloroacetyl car-
bamate, followed by hydrolysis with K,CO; in MeOH/THF/
H,0) to give Compound 35. N,N-dialkyl derivatives of 34
and 35 may be synthesized by reaction with appropriate alkyl
halides under basic conditions.”™”
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Scheme 3: Synthesis of compounds 34 and 35
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Heterocyclic Amide RAMBAs

The heterocyclic and amide RAMBAs of the present inven-
tion may be synthesized as outlined in Scheme 4 below. Some
reactions will involve the coupling of the imidazolyl carboxy-
lic acid (VN/14-1) with various anilines using 1,3-dicyclo-
hexylcarbodiimide (DCC) and 1-hydroxybenzotriazole
(HOBT) in dimethylformamide (DMF) to yield the corre-
sponding amides. While other compounds will involve for-
mation (i.e., reactions with carbonyldiimidazole (CDI)) of
imidazolide intermediates followed by coupling with appro-
priate amino heterocyles.”™” For synthesis of Compounds 42,
44,46 and 48, the primary amino groups will first be protected
with di-tert-butyl dicarbonate (Boc),O™" prior to use for
coupling reactions. The Boc groups will then be readily
deprotected to give the desired compounds. With the recent
availability of simple procedures for the synthesis of large
numbers of substituted purines™
may be synthesized.

, purine related compounds

Scheme 4
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-continued

o X ™ X

| NRY),

Non-4-Position-Hydroxyl RAMBAs

The compounds of General Formulae 5 may be made with
synthesis methods similar to those for making VN/66-1.

In the above synthesis methods, the starting RAMBA may
be a racemate or a (+) or (-) enantiomer to obtain an enanti-
omer of the RAMBAS of the present invention.

The synthesized compounds (intermediates and final prod-
ucts) may be purified by chromatographic procedures (flash
column chromatography, TLC or HPLC) and/or crystalliza-
tion. The compounds may be fully characterized by spectro-
scopic methods (IR, UV, NMR and MS) and elemental analy-
ses. The melting points of all compounds may be determined
with a Fisher-Johns melting point apparatus.

Enantiomers

Synthesis of VN/66-1 enantiomers: One synthesis of ena-
tiopure (4S)-(+)-VN/66-1 and (4R)-(-)-VN/66-1 is outlined
in Scheme 1 below, starting from racemic (45,R)-(x)-4-hy-
droxymethylretinoate which will be readily synthesized from
commercially available all-trans-retinoic acid (ATRA) as
previously described.” ™ Next the recent efficient and high
yielding procedure reported by Learmonth™” will be used to
resolve the racemic allylic alcohol (1) to give the enantiopure
alcohols 2 and 3. The procedure involves use of diacetyl-L-
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tartaric acid anhydride to precipitate the diastereoisomeric
precursor (la) of (45)-(+)-1 and diacetyl-D-tartaric acid
anhydride to precipitate the diastereoisomeric precursor (1b)
of (R)-(-)-1 followed by mild hydrolysis to give eantiopure
alcohols (Scheme 1). Based on previous studies, it is expected
that the terminal methy] ester group will be stable under the
mild hydrolysis of the diastereoisomers.”" ™ These two
alcohols are expected to have optical purity in the range 92 to
99%, which will be purified to 100% ee either by several
recrystallizations or by HPLC using a Chiralcel OJ semi-
preparative column.”” The enantiopure alcohols 2 and 3 will
each be used to synthesize enatiopure (4S)-(+)-VN/66-1 and
(4R)-(-)-VN/66-1 as previously described™” ™ and will be
characterized by HPLC, 'H-NMR and optical rotation. It has
been previously reported that conversion of the allylic alcohol
to the corresponding imidazole via reaction with carbonyl
diimidazole proceeds via SN, mechanism with retention of
configuration™"* corroborated by earlier studies.”™

Scheme 1: Syntheses of enantiopure C-4 alcohols and (4S)-(+)-VN/66-1
and (4R)-(-)-VN/66-1
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-continued
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Several alternative procedures to enantiopure VN/66-1 and
analogs are described below.

There are several other methods to prepare chiral allylic
alcohols such as asymmetric reductions™ “ ** and enzy-
matic™", as well as non-enzymatic™" kinetic resolutions.
Compounds (s)-2 and (R)-3 may be synthesized via enanti-
oselective reduction of precursor 4-ketone using (R)- or (S)-
2-methyl-CBS-oxazaborolidine and BH;.Se, as recently
reported for closely related retinoids™ (Scheme 4a).
Another alternative method will be formation of amine
salts”™* of (£)-VN/12-1 to form two diastereoisomers and
subsequent separation by crystallization.
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Another alternative method will be formation of amine
salts™* of (x)-VN/66-1 to form two diastereoisomers and
subsequent separation by crystallization.

The coupling of some amines may be difficult. Applicants
propose to use alternative strategies of amide syntheses as
outlined in Scheme 4b below. These procedures involve either
key pyridylthioester intermediate™*** or solid phase synthe-
sis that involves reaction of the carboxylic acid with an acti-

t Ixxix

vating chlorinating reagent.

Scheme 4a & b: Alternative syntheses of enantiopure alcohols and retinamides
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(+)-VN/66-1 and (-)-VN/66-1 may also be tested to check for
differential anti-neoplastic activities against the four prostate
cancer cell lines.

Applicants also consider that the enantiopure (+)- and (-)-
VN/66-1 may be more stable in in vitro and more importantly,
in vivo.

In vitro stability of entiopure (+)- or (-)-VN/66-1 and the
derivatives of VN/66-1 may be assessed by treating PCa cells

(¢]
e N ™ Xy ocH,
(R)-2-methyl-CBS-
oxazaborolidine
o BH3+SMe,, THF,
-78t0-30°C.,21 h OH
D N S OCH; (S)-2
(¢]
(S)-2-methyl-CBS-
oxazaborolidine \ e \ A
o BH;*SMe,, THEF, OCHz
-78t0-30°C.,21 h
OH
R)-3
b.
(¢]
N R R X of  Aldrithiol-2/PPhs, PhCH;
\
—— desired
L Phop- THE compounds
oP-resin, of schemes
N 2.0.5 HCA, 0°C | ads
;\ 7 (HCA = hexachloroacetone
N
VN/14-1
(racemate
or (+) or (-)

Evaluation

The new compounds synthesized may be screened at 1 and
10 uM concentrations for their ability to inhibit ATRA
metabolizing  enzymes  using  established
cedure, e bt et ot Leexiv Compounds may also be evalu-

pro-

ated to determine their concentrations that will cause 50%
enzyme inhibition (ICs, values).

Potent RAMBAS from U.S. Pat. No. 7,265,143 VN/14-1
and VN/66-1 and liarozole can be used to determine the
relative potencies of the new compounds.

Assessments of VN/66-1 Enantiomers In Vitro and In Vivo:

The RAMBA activities of the pure enantiomers, racemic
VN/66-1 and 4-HPR (standard) and also their growth inhibi-
tory effects on four PCa cell lines (LNCaP, LAPC4, C,-2B
and LAPC4-BR may be tested. The RAMBA activities of

50

with their IC,, and IC,, concentrations. Cells and media may
be extracted at specific time intervals over the usual MTT
assay conditions, and than analyzed by chiral HPL.C column.
To further evaluate their stabilities in vivo, animals may be
dosed with 10 mg/kg of pure (+)- or (-)-VN/66-1. Blood will
be drawn at specified times, processed and than analyzed as
described above.

Examples

Applicants synthesized novel retinamides of the present
invention with reactions that involve coupling of our imida-
zolyl carboxylic acid (VN/14-1) with appropriate amines/
anilines using 1,3-dicyclohexylcarbodiiimide (DCC) and
1-hydroxybenzotriazole (HOBT) in dimethylformamide
(DMF) as outlined in Scheme 1 below.
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Compounds VNLG/145, VNLG/146, VNLG/147, VNLG/
Scheme 1: Synthesis of Novel Retinamides (VNLG/145-VNLG/153) 148, VNLG/152 and VNLG/153 were tested and evaluated
o for their ability to inhibit the growth (proliferation) of PC-3
N DN OH | varions 5 prostate cancer cells using the MTT [3-(4,5-dimethylthiazol-
amines 2-y1)-2,5-diphenyltetrazolium bromide] assay (Gediyal et al.
(NHR) 2005). VN/66-1 of U.S. Pat. No. 7,265,143 was tested side by
N 2 }Dlg(];,T side for comparison. The Gl;, values (concentrations that
&z ODONg-,n, 19" cause 50% growth inhibition) were determined from dose-

—— response curves. See in FIG. 1 for VNLG/145.

(€]
N NG Nt . o

The growth inhibitory experiments with the other com-

pounds gave plots that were similar to FIG. 1.

N 20

&Z The structures of the six compounds of the present inven-
VNLG/145-VNLG/153 tion and the parent VN/66-1 and their Gl values are pre-

sented in Table 1 below.

TABLE 1
Compounds GI50 Values (uM)
o] 1.86 +0.05
A e e N)<
|
H
N
{7
N
VNLG/145
CF3 14.13 £ 7.12
0
N XN N X N
H CF;
N
{
N
VNLG/146
1.70 £0.07
0
A . YN NQ
}|I OH
N
{7
N

VNLG/147



US 9,156,792 B2

35
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Compounds GI50 Values (uM)
H 5.62 £0.37
NN
O [
N N N N N
N
H
D
U
VNLG/148
F 0.61 £0.11
e}
N NN X N
D
U
VNLG/152
1.17 £ 0.05

(€]
\\\\N/©
H

VNLG/153

OH 1.70 £ 0.05
O
A e YN N/©/
}

VN/66-1

VNLG/152 is the same as Compound 6 above.

VNLG/152 and VNLG/153 exhibited potencies better than
VN/66-1.

VNLG/145 and VNLG/147 exhibited potencies similar to
VN/66-1.

It is contemplated that VNLG/145, VNLG/146, VNLG/
147, VNLG/148, VNLG/152 and VNLG/153 (except for
VNLG/147 (with a 2-hydroxy group)) may exhibit superior
in vivo antineoplastic activity attributable to putative superior
absorption, distribution, metabolism, and excretion (ADME)
properties.

60

65

[Tt}

As used herein in the specification, “a” or “an” may mean
one or more. As used herein in the claims, when used in
conjunction with the word “comprising,” the words “a” or
“an” may mean one or more than one. As used herein
“another” may mean at least a second or more. Furthermore,
unless otherwise required by context, singular terms shall
include pluralities and plural terms shall include the singular.

It is believed that the present invention and many of its
attendant advantages will be understood by the forgoing

description. It is also believed that it will be apparent that
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various changes may be made in the form, construction and

arrangement of the components thereof without departing

from the scope and spirit of the invention or without sacrific-
ing all of its material advantages. The form herein before
described being merely an explanatory embodiment thereof.
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We claim:
1. A compound of structural formulae 2A, 3A, 3B, 4B, 4C
or5:

2A

I} AN
| ¢ —®n
N NN~

| H
Rl

where R' is

a thirane group,

a—SH group,

an -alkyl-SH group,

—OR?*, where R* is hydrogen or alkyl,

a cyclopropyl ether,

an oxirane group formed together with the 4-position
carbon,

—NR,R,, where R and R are independently selected
from the group consisting of hydrogen and alkyl
groups, or R and R, may together form an imidazolyl
ring or a triazole ring,

a pyridyl group, an ethinyl group, a cyclopropyl-amino
group, a cyano group, an azido group, an allylic azole
group, or an 1H-imidazole group, or
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R! forms, together with the C-4 carbon atom, an oxime,
or aziridine group;

each R? is independent and is selected from a halogen
group, a cyano group, a —SH group, and an alkyl
group substituted with at least one of a halogen group,
a cyano group, or a—SH group; and n is from 0 to 5;

3A
0
@—OSOZN(RZ)Z
| A e Y N NH
Rl

where R! is the same as in Formula 2A above; and
each R? is independent and is a hydrogen or an alkyl group;

3B
| NR2),
Rl

where R! and R? are the same as in Formula 3A above;

4B

N XX

| NRY),

Rr!

where R' is the same as in Formula 2A above; and

each R® is independently selected from a hydrogen atom,
an unsubstituted alkyl group, and a ring containing a
nitrogen atom, where the ring containing a nitrogen
atom is selected from an azine ring, a triazine ring, an
azirene ring, an azete ring, an diazetidine ring, an azole
ring, a triazole ring, a tetrazole ring, an imidazole ring,
an azocane ring, a pyridine ring, piperidine ring, or a
purine ring;

4c

where R' is the same as in Formula 2A above

and

X forms, together with the nitrogen atom, an azine ring, a
triazine group, an azirine group, an azete group, an diaz-
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etidine group, an azocane group, a pyridine group, pip- -continued
eridine group, benzimidazole group, or a purine group;

4
(¢]
Formula 5: \ \ \ \ N
H
0 | |
N N
H 10
OH
Rl

w

O

N

15

where R! is the same as in Formula 2A above.

5
2. The compound of claim 1 wherein the structural formula o
is formula 2A":
20 N xR N Xy N .
H

2A'
o = N
i

@N 30

[

6
F
0
\\\\N/Q/
H

where each R® and n are the same as in Formula 2A. 15
3. The compound of claim 2 wherein the structural formula
is formula VNLG/146, VNLG/153, or Compounds 4-33: N
{7
N
CF; 40
O 7
| N e G G N N a5 0
CFs N DR X N
| H
N Cl
? 50
\ %

’ VNLG/146 &7

N
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VNLG/153
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-continued -continued
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4. The compound of claim 1 wherein the structural formula
is selected from one of Formulae 3A', 3B', 3A" or 3B™:

3A
o 0SO,N(R?),
| A e VN NH@
Rl

where R' and R? are the same as in Formula 3A;

3B/
O O
0 h
G NH/©/ N(RY),
Rl

wherein R' and R? are the same as in Formula 3B;

i

A"

i @—OSOZN(RZ)Z
A e YN NH
N
Q

wherein each R? is the same as in formula 3A;

3B

e
o .0
L T N NH/O\(

NR?),

wherein each R? is the same as in formula 3B.
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5. The compound of claim 4 wherein the structural formula

is Formula 34 or 35:

34
OSO,NH,
POl
NNy
N
Q
35
o O\l/O.
N P G e N NH/@ NH;
N
Q

6. A compound having of the structural Formula 4A, 4B'or

4Cn

4A

NHR®

where R? is selected from a hydrogen atom, an alkyl group,
and a ring containing a nitrogen atom, where the ring
containing a nitrogen atom is selected from an azine
ring, a triazine group, an azirene group, an azete group,
an diazetidine group, an azole group, a triazole group, a
tetrazole group, an imidazole group, an azocane group, a
pyridine group, piperidine group, benzimidazole group,
or a purine group;

4B’

X X "X

NR®)

5

15

25
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60

where each R® is independently selected from a hydrogen 65

atom, an alkyl group, and a ring containing a nitrogen

atom, where the ring containing a nitrogen atom is

54

selected from an azine ring, a triazine group, an azirene
group, an azete group, an diazetidine group, an azole
group, a triazole group, a tetrazole group, an imidazole
group, an azocane group, a pyridine group, piperidine
group, benzimidazole group, or a purine group;

4C’

where X forms, together with the nitrogen atom, an azine

ring, a triazine group, an azirine group, an azete group,
an diazetidine group, an azocane group, a pyridine
group, piperidine group, benzimidazole group, or a
purine group.

7. A compound of the structural Formula 36-38, 39B-C,
40B-C, 41B-C, 42B-C, 43B-C, 44B-C, 45B, 45D, 46B-E,
47B-E, 48B-E, VNLG/148 or VNLG/145:
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8. The compound of claim 1 wherein the structural formula
is Formula VNLG/152, Formula VNLG/153 or VNLG 146:

VNLG/152

F
O
MN/@/
| it
N

VNLG/153

[@]
WN@
H

VNLG/146

CF;3

CF;3

9. The compound of claim 1, wherein the compound is:

VNLG/145
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-continued
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CF;
5
0
N xR X X N ’
10 H CF;
N
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2 A YN N/@’
}|I OH
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25
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N
VNLG/148
N/\N/H’
30
O —
N
NN x \_/
H
35
N
U
N
VNLG/152
40

F, or
(@]
N X N/©/
|
45 H
N

VNLG/153

O
WNQ
55

H
N

10. A pharmaceutical composition comprising at least one
of'the compounds of claim 1 and a pharmaceutically accept-

65 able inactive ingredient.
11. A method of treating breast or prostate cancer in a
subject in need thereof, comprising administering a therapeu-
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tically effective amount of at least one compound of structural
formulae 2A, 3A, 3B, 4B, 4C or 5:

24
0 x
| C ——®m
N N S X N F
| H
Rl

where R” is
a thirane group,
a—SH group,
an -alkyl-SH group,
—OR?*, where R* is hydrogen or alkyl,
a cyclopropyl ether,

an oxirane group formed together with the 4-position
carbon,

—NR R, where R5 and Ry are independently selected
from the group consisting of hydrogen and alkyl
groups, or R5 and Ry may together form an imidazolyl
ring or a triazole ring,

a pyridyl group, an ethinyl group, a cyclopropyl-amino
group, a cyano group, an azido group, an allylic azole
group, or an 1H-imidazole group, or

R! forms, together with the C-4 carbon atom, an oxime,
or aziridine group;

each R? is independent and is selected from a halogen
group, a cyano group, a —SH group, and an alkyl
group substituted with at least one of a halogen group,
a cyano group, or a—SH group; and n is from 0 to 5;

3A
0
/@—OSOZN(RZ)Z
| A e e N NH
Rl

where R! is the same as in Formula 2A above;

each R? is independent and is a hydrogen or an alkyl group;

3B
NN NH \]/
| N®R?,
Rl

where R' and R? are the same as in Formula 3A above;

64

4B
O
. ) e e e o o
Rl

10

where R! is the same as in Formula 2A above, and

each R’ is independently selected from a hydrogen atom,
an alkyl group, and a ring containing a nitrogen atom;
where the ring containing a nitrogen atom is selected
from an azine ring, a triazine ring, an azirene ring, an
azete ring, an diazetidine ring, an azole ring, a triazole
ring, a tetrazole ring, an imidazole ring, an azocane ring,
apyridine ring, piperidine ring, benzimidazole ring, or a
purine ring;

15

20

4c

30

where R? is the same as in Formula 2A above, and X forms,
together with the nitrogen atom, an azine ring, a triazine
group, an azirine group, an azete group, an diazetidine
group, an azocane group, a pyridine group, piperidine
group, benzimidazole group, or a purine group;

Formula 5:

40 Q
e N s
i1
on
45
Rl

where R* is the same as in Formula 2A above.

12. The method of treating breast or prostate cancer in a
subject in need thereof of claim 11 wherein the structural
formula is formula 2A":

2A7
0 AN
| e ™ Xy N s
H

each R? and n are the same as in Formula 2A.

55

60
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13. The method of treating breast or prostate cancer in a -continued
subject in need thereof of claim 12 wherein the structural
formula is formula VNLG/146, VNLG/153, or one of Com-

6

pounds 4-33: o F
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14. The method of treating breast or prostate cancer in a
subject in need thereof of claim 11 wherein the structural
formula is Formulae 3A', 3B', 3A" or 3B":

3A7

0S0,N(R?),
A e YN NH@

|

Rl
where R' and R? are the same as in Formula 3A;

3B’

OYO
2
NSNS NH@ N,

|

Rr!

where R and each R? are the same as in Formula 3A;

10
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A"

0
@—OSOZN(RZ)Z
A e e N NH

wherein each R? is independent and is the same as in

Formula 3A;
3B”
LGy
| N(R?),

where each R? is independent and is the same as in
Formula 3A.

15. The method of treating breast or prostate cancer in a
subject in need thereof of claim 14 wherein the structural
formula is Formula 34 or 35:

34
OSO,NH,
O
A P e N NI

35
o o\l/o.
A e Y NH/@ NH,
N
Oy

16. The method of treating breast or prostate cancer in a
subject in need thereof of claim 11 wherein the structural
formula is Formula 4A, 4B' or 4C":
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4A
O
| N N N X NHRS
D
0
where R’ is the same as in Formula 4B;
4B’

0
| A e NRS),

N

O

where each R is the same as in Formula 4B;

4C
0
\\\\m
| ~—~

N

)

N

where X is the same as in Formula 4C.

17. A method of treating breast or prostate cancer in a
subject in need thereof, comprising administering a therapeu-
tically effective amount of at least one compound of structural
formulae36-38,39 B-C, 40B-C, 41B-C, 42B-C, 43B-C, 44B-
C, 45B, 45D, 46B-E, 47B-E, 48B-E, VNLG/145, VNLG/147
or VNLG/148:

36

O N—N/H
WH%N)
N

N

)

N
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18. The method of treating breast or prostate cancer in a
\ )/ 65 subject in need thereof of claim 11 wherein the structural
N formula is at least one selected from the group consisting of

Formula VNLG/152, VNLG-153 and VNLG-146:
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and
VNLG/146
CF,
O
A e YN N
| H
CF;

19. A method of treating breast or prostate cancer in a
subject in need thereof, comprising administering a therapeu-
tically effective amount of the pharmaceutical composition of

claim 10.
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